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ABSTRACT
Context. The nearby TW Hydrae Association (TWA) is currently a benchmark for the study of formation and evolution of young
low-mass stars, circumstellar disks and the imaging detection of planetary companions. For such studies, it is crucial to evaluate
the distance to group members in order to access their physical properties. Membership of several stars is strongly debated and age
estimates vary from one author to another with doubts about coevality.
Aims. We revisit the kinematic properties of the TWA in light of new trigonometric parallaxes and proper motions to derive the
dynamical age of the association and physical parameters of kinematic members.
Methods. Using observations performed with the NTT/ESO telescope we measured trigonometric parallaxes and proper motions for
13 stars in TWA.
Results. With the convergent point method we identify a co-moving group with 31 TWA stars. We deduce kinematic distances
for 7 members of the moving group that lack trigonometric parallaxes. A traceback strategy is applied to the stellar space motions
of a selection of 16 of the co-moving objects with accurate and reliable data yielding a dynamical age for the association of t '
7.5 ± 0.7 Myr. Using our new parallaxes and photometry available in the literature we derive stellar ages and masses from theoretical
evolutionary models.
Conclusions. With new parallax and proper motion measurements from this work and current astrometric catalogs we provide an
improved and accurate database for TWA stars to be used in kinematical analysis. We conclude that the dynamical age obtained via
traceback strategy is consistent with previous age estimates for the TWA, and is also compatible with the average ages derived in the
present paper from evolutionary models for pre-main sequence stars.
Key words. Astrometry : parallaxe and proper motion – Stars: pre main sequence, brown dwarfs – Galaxy: open cluster and
association, TW Hydrae Association
1. Introduction
The discovery of nearby young stars, brown dwarfs and extra-
solar planets has grown substantially in the last decade. In this
context, the possibility of accurately determining their physical
properties has attracted particular interest to the solar neighbor-
hood. Since the discovery of the young (t ' 8 Myr, de la Reza
et al. 2006), and nearby (d ' 50 pc, Zuckerman & Song 2004)
TW Hydrae association (TWA) by Kastner et al. (1997), impor-
tant progress has been made in the identification of young stars
near the Sun, more than 200 of which have been cataloged.
TWA is among the closest of the very young associations and
for this reason it has been a benchmark for the study of stellar
and sub-stellar formation and early evolution. The study of the
TWA region by Webb et al (1999) demonstrated the power of
? Based on observations performed at the European Southern Ob-
servatory, Chile (79.C-0229, 81.C-0143, 82.C-0103, 83.C-0102, 84.C-
0014).
the ROSAT All-Sky X-ray survey to reveal members not only of
TWA but also of other, subsequently identified, youthful nearby
associations. A few years later Gizis (2002) identified two free-
floating brown dwarfs members of TWA, one of which, 2M1207,
soon become famous as the host of the first imaged planet-mass
secondary (2M1207b) outside of our solar system (Chauvin et al.
2004). Many TWA members exhibit a signature of dusty disks
(e.g. Riaz & Gizis 2008, 2012; Looper et al. 2010a; Matthews
et al. 2007; Schneider et al. 2012a,b). The age of TWA corre-
sponds to the time-scale of the end of disk accretion and giant
planet building processes. Recent work of Bergin et al. (2013)
presents evidence that the disk around TW Hydrae (TWA 1) is
still capable of forming a planetary system. The youth and prox-
imity of TWA presents a particularly favorable situation for spa-
tial resolution of disk structures of tens to hundreds of AU.
Dynamical measurements of low-mass binaries, for example
TWA 22 (Bonnefoy et al. 2009) and TWA 5 (Neuhäuser et al.
2010), may provide quasi-unique opportunities for derivation
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of individual masses necessary for the calibration of theoreti-
cal evolutionary models. Such evolutionary models can also be
calibrated by use of kinematic traceback, a technique that was
employed by (Ortega et al. 2002) to derive an age of 12 Myr
for the β Pictoris group. However, other, more recent traceback
studies have produced older or indeterminate ages (see summary
in Section 4 of Binks & Jeffries (2013). A major goal of the
present paper is to improve the accuracy and reliability of the
traceback age for the TWA.
Distance from Earth is a key parameter that enables the
physical characterization of objects and kinematical studies of
their origin. It is precisely the high quality of astrometric mea-
surements that makes the solar neighborhood, and consequently
TWA, a precious laboratory. The association as a whole is also
interesting since its kinematics and origin remain unclear. It
is located far from molecular clouds and at the near boundary
of the Lower Centaurus Crux (LCC) subgroup of the Scorpius-
Centaurus (Sco-Cen) association.
Membership and age of TWA stars have been much debated
(Song et al. 2003; Ortega et al. 2004; Mamajek 2005; de la Reza
et al. 2006; Teixeira et al. 2009; Schneider et al. 2012b; Wein-
berger et al. 2013). The conclusions of these authors relied heav-
ily on the type and accuracy of the data they used. A rich dis-
cussion of the constitution of TWA and a useful source of data
utilized by many authors is presented in Mamajek (2005). In his
paper, Mamajek collected proper motions from different sources
with inhomogeneous quality. The situation for radial velocities
was equivalent and trigonometric parallaxes were available for
only 5 Hipparcos stars. An important step in evaluation of the
age of the association was pioneered by Makarov et al. (2005)
and further developed by de la Reza et al. (2006) who applied a
traceback strategy to the five Hipparcos TWA stars. They derived
the epoch of minimum volume corresponding to the dynamical
age of the association. Since then, the number of identified TWA
members has increased as well as the quality and availability of
data.
In this context, we present here trigonometric parallax and
proper motion measurements for 13 TWA stars performed with
the NTT/ESO telescope located at La Silla (Chile). The recent
increase of TWA stars with measured trigonometric parallaxes
(this work and Weinberger et al. 2013), and the publication of
the astrometric proper motion catalogues, SPM4 (Girard et al.
2011) and UCAC4 (Zacharias et al. 2013), allows us to set up
an extensive and accurate database for TWA stars. The PPMXL
catalogue (Roeser et al. 2010) was excluded from the present
work since it provides proper motions of much lower internal
accuracy than the two others catalogues.
Using a convergent point analysis (Galli et al. 2012) we iden-
tify a group of co-moving stars in TWA. Based on a traceback
strategy we derive a core-group converging back in time towards
a minimum volume in space that corresponds to the dynamical
age of the association.
This paper is organized as follows. In Sect. 2 we present the
observational material and describe the reduction procedure that
leads to the astrometric and photometric properties of our tar-
gets. In Sect. 3 we present an updated astrometric database for
the 34 proposed members of the association (TWA 1 - TWA 34).
Sect. 4 describes our convergent point analysis and the determi-
nation of kinematic parallaxes for group members with unknown
trigonometric parallax. We present in Sect. 5 a traceback anal-
ysis leading to a convincing traceback age for a core-group of
the association. Sect. 6 presents an HR-diagram of TWA along
with age and mass estimates as derived from stellar evolutionary
models. Our conclusions are summarized in Sect. 7.
2. Data
For the present work we set up a list of all TWA members with-
out parallax measurements. Excluded were some resolved tight
binaries for which an astrometric solution might be problem-
atic and objects with (too) large photometric distances. TWA 1
and TWA 9A, which benefit from a Hipparcos parallax, were in-
cluded in our final list as control stars. The list was then reduced
to 15 stars during the observations to fit the allocated time. Two
stars were observed but are not presented in this paper since a
reasonable solution could not be derived. The remaining 13 ob-
jects are presented in Table 1.
2.1. Observations
Astrometric and photometric (V, R, I) observations were per-
formed in direct imaging mode with the ESO-NTT telescope.
For the astrometric project, nine observational epochs were ac-
quired with a total of 36 half-nights spread over almost three
years between 2007 and 2010. A set of 3730 exposures were
taken, concentrated in 13 directions corresponding to the se-
lected members of TWA for which a parallax measurement was
required. Observational epochs were required at specific dates
to maximize the parallactic factors of most targets. Given that
the targets were spread over 3 hours in right ascension, we had
to find a compromise between the maximization of parallax fac-
tors and the observability of all targets during a night. All ob-
servations were realized around transit to minimize the differ-
ential color refraction effects (DCR). Multiple exposures taken
over three nights were performed at each epoch to average at-
mospheric effects and to enhance signal to noise ratio (S/N). For
most objects, two exposure times were selected, a short one se-
lected to optimize S/N of the bright targets and a longer one for
an optimized S/N of the faint surrounding stars.
We devoted extreme efforts to observe during transit to min-
imize the zenith distance and consequently DCR effects that
could induce a factious parallax to a target with a significantly
different color than its surrounding background stars.
The program started with the SUSI2 instrument (observa-
tions in 2007) but unfortunately SUSI2 was decommissioned and
the program was transported to the EFOSC2 instrument in 2008.
The change of instrument had repercussion on the quality of the
observations and the precision goal of the project was degraded
by almost a factor 2.
Frames were measured using the DAOPHOT II package
(Stetson 1987), fitting a stellar point-spread function for each
frame. Finally we created catalogs of measured positions (x, y),
internal magnitudes and associated errors for all objects in each
frame.
2.2. Trigonometric parallax and proper motion determination
The catalogs that issued from the CCD frames are cross-
correlated and compiled in a meta-catalog containing, for each
object in a field, its measurements on each CCD-frame.
A frame, hearafter master frame, is then selected among the
various observations to compute equatorial coordinates of each
object of the field, using 2MASS (Cutri et al. 2003) as a refer-
ence catalog. These equatorial coordinates are necessary for the
parallactic factors calculations and for this reason it is conve-
nient to work in a frame oriented in equatorial coordinates. This
step is equivalent to scale (size of the pixel) and rotate the master
frame to align it on the axes of the 2MASS catalog. The selection
of the master frame is a delicate problem since it will define, via
Article number, page 2 of 15
C. Ducourant et al.: The TW Hydrae Association : trigonometric parallaxes and kinematic analysis
the reference catalog used, the reference frame on which each
CCD-frame will be later projected. It is then crucial that it is as
free as possible of distortion and that it contains as many stars
as possible, of various magnitudes so that the classical reduction
performed with 2MASS be as accurate as possible.
All measurements of a field are globally reduced through
a block-adjustment type iterative procedure described in
(Ducourant et al. 2007, 2008). The philosophy of this treat-
ment is to compute simultaneously the unknown parameters of
all stars (correction to standard coordinates, proper motions, par-
allaxes) and the unknown plate parameters of all frames. The
system is overdetermined and it would be in principle possible
to derive by one inversion the whole of parameters.
Nevertheless, the system of normal equations will be of
2N∗NF equations for 5N∗ + 6NF unknowns if we consider NF
frames containing N∗ stars, leading to a matrix of large dimen-
sions (typically few tens of thousands equations for thousands
of unknowns for a few hundreds frames containing 50 to 100
stars). The size of such a large matrix leads the user to prefer an
iterative approach to solve the system. We use a Gauss-Seidel
method allowing one to first determine the plate constants as-
suming an a-priori value for all stellar parameters. The stellar
parameters are determined for each star using modified plate co-
ordinates, the plate constants are re-computed, and so on until
convergence which is generally reached after 2 or 3 iterations.
This system is ill conditioned which means that the iterative
solving of the normal equations will converge towards one of
the various solutions of the problem but not necessarily to the
most physical one. To constrain the convergence to the “most
physical” solution, one must add a constraint. Generally one
assumes that the sum of parallaxes in the field should be zero
(excluding the target from this mean); the same condition applies
for proper motions. Convergence is reached after a few iterations
and a relative solution (proper motion and parallax) is derived for
all stars in the field.
A statistical conversion from relative to absolute parallax and
proper motions – based on the Besançon Galaxy model (Robin
et al. 2003, 2004) – is applied to derive final estimates of abso-
lute proper motions and trigonometric parallaxes (see Ducourant
et al. 2007, for a detailed description).
The procedure described in this section is applied to all 13
TWA stars observed in our campaign. The results of this investi-
gation, including the corrections applied to the relative quantities
in order to derive absolute astrometric parameters, are given in
Table 1.
2.3. Astrometric validation
In the following we compare the parallaxes and proper motions
derived in this work with published results in order to evaluate
our external errors.
In the case of trigonometric parallaxes, a comparison with
Hipparcos is difficult, because only five TWA stars are in that
catalog. Recently, in a project parallel to the one presented here,
Weinberger et al. (2013) radically improved the situation by pub-
lishing parallaxes for 14 TWA systems (16 stars). A compari-
son of Table 1 with the re-reduction of Hipparcos (van Leeuwen
2007) is restricted to only two stars (TWA 1 and TWA 9A), while
there are six stars in common with Weinberger et al. (2013). For
five of these six the internal errors listed in our Table 1 are larger
than the internal errors listed in their Table 2. Notwithstanding
that all six parallaxes appear to be consistent at the one-sigma
level (Fig. 1), when comparing our results with Weinberger et al.
(2013) we notice an apparent systematic offset of unknown ori-
gin. The size of the offset, a few mas, is comparable to the mean
internal precision (2.2 mas) of the trigonometric parallaxes de-
rived in the present paper.
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Fig. 1: Comparison of trigonometric parallaxes determined in
this work with the published parallaxes given in Hipparcos (van
Leeuwen 2007) and Weinberger et al. (2013). The dotted line
represents perfect correlation. TWA 23, which was measured by
us and by Weinberger et al, sits essentially under TWA 1. The
error bar on our measurement is +/-1.8 mas.
We compared our proper motions with those from the re-
cent release of the UCAC4 catalog that provides a dense and
precise astrometric source of data with an announced precision
of 1-10 mas/yr depending on magnitude and observing history.
The mean internal precision of the proper motions derived in the
present paper is 1.0 mas/yr. Fig. 2 shows the comparison of the
measured proper motions given in Table 1 with UCAC4 proper
motions. We observe a reasonable agreement in both coordinates
and no systematic trend. However large discrepancies (beyond
three sigmas) can be observed. The origin of such discrepan-
cies is unclear and can be multiple. Binarity is probably one
cause. It is also probable that the formal errors of both works
are occasionally underestimated. Nevertheless one must keep
in mind that in the present work, the timebase of observations
is three years, optimized for parallax work but which is rather
short for accurate proper motion determination, especially for
multiple systems. For this reason, in most cases we used in our
kinematic analysis proper motions issued from UCAC4.
2.4. Photometry
Photometric data were acquired during three consecutive nights
(3, 4, 5 April 2009) using the Bessel V, R and Gunn i ESO fil-
ters (ESO#641,642,705). We present in Table 2 the photometry
derived for the TWA stars observed in this work .
TWA 7 has a V magnitude that is not in accordance with
Tycho-2 (Høg et al. 2000), but in perfect agreement with the
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Table 1: Absolute trigonometric parallaxes and proper motions derived in this work for the 13 TWA stars. We provide for each star
its position (epoch=2000.0), absolute parallax, distance, absolute proper motions and the ∆ corrections applied to relative values of
parallax and proper motions. For example, to obtain absolute parallax for TWA 1, pirelative + 0.78 = pi given in column 4.
Star α δ pi d µα cos δ µδ ∆pi ∆µα cos δ ∆µδ
(h:m:s) (◦ ′ ′′) (mas) (pc) (mas/yr) (mas/yr) (mas) (mas/yr) (mas/yr)
TWA 1 11 05 51.97 -34 42 16.9 20.8 ± 4.0 48.1 ± 9.3 −68.4 ± 1.5 −8.0 ± 1.5 0.78 -7.18 1.11
TWA 2 11 09 13.88 -30 01 39.7 24.0 ± 4.8 41.6 ± 8.3 −87.7 ± 2.3 −7.9 ± 2.3 0.81 -7.20 0.24
TWA 5 11 31 55.46 -34 36 28.8 20.5 ± 2.4 48.7 ± 5.7 −75.8 ± 1.0 −18.3 ± 1.0 0.73 -7.00 0.28
TWA 7 10 42 30.20 -33 40 16.0 29.0 ± 2.1 34.5 ± 2.5 −114.4 ± 0.8 −19.1 ± 0.8 0.85 -7.24 1.45
TWA 8A 11 32 41.32 -26 51 55.6 23.4 ± 2.0 42.8 ± 3.7 −87.1 ± 0.8 −28.0 ± 0.8 0.89 -7.62 -1.00
TWA 8B 11 32 41.23 -26 52 08.7 25.9 ± 2.0 38.6 ± 3.0 −86.5 ± 0.9 −25.0 ± 0.9 0.89 -7.62 -1.00
TWA 9A 11 48 24.22 -37 28 49.2 19.1 ± 2.7 52.3 ± 7.4 −53.1 ± 3.9 −24.9 ± 3.9 0.71 -7.05 0.10
TWA 9B 11 48 23.77 -37 28 48.3 19.2 ± 1.1 52.1 ± 3.0 −51.0 ± 0.6 −18.1 ± 0.6 0.71 -7.05 0.10
TWA 10 12 35 04.31 -41 36 38.3 16.2 ± 1.0 61.5 ± 3.8 −64.6 ± 0.4 −30.3 ± 0.4 0.55 -6.58 -0.52
TWA 12 11 21 05.55 -38 45 16.2 15.4 ± 1.7 65.1 ± 7.2 −66.2 ± 0.5 −7.4 ± 0.5 0.67 -6.80 0.70
TWA 21 10 13 14.85 -52 30 54.1 19.8 ± 1.4 50.4 ± 3.6 −61.3 ± 0.6 10.6 ± 0.6 1.03 -7.49 3.39
TWA 23 12 07 27.44 -32 47 00.0 20.6 ± 1.8 48.4 ± 4.2 −75.8 ± 0.9 −25.7 ± 0.9 0.74 -7.23 -0.79
TWA 26 11 39 51.21 -31 59 21.2 26.2 ± 1.1 38.1 ± 1.6 −93.3 ± 0.5 −27.5 ± 0.5 0.64 -6.30 0.11
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Fig. 2: Comparison of the proper motions derived in our work with those from UCAC4. The dotted line indicates the expected
results for perfect correlation. In the left panel, abscissa entries are right ascension values from column 6 in Table 1, and in the right
panel declination values from column 7.
accurate photometric variability project of Messina et al. (2010).
It is probable that the faint object close to TWA 7 (δ ∼ 2.4′′,
Messina et al. (2010)) was included in the Tycho-2 photometry.
Our V and I magnitudes for TWA 8B do not agree with those
published by Messina et al. (2010). Exposure times in our work
were optimized for the primary TWA 8A which is much brighter;
this may explain the poor results obtained here for the secondary
component. For TWA 9A and TWA 9B no reliable photometry
could be obtained here.
3. An updated astrometric database for TWA
Using the parallaxes and proper motions derived in this work, the
recent results of Weinberger et al. (2013), and the new release of
SPM4 and UCAC4, we set up an updated astrometric database
for TWA stars that allows us to revisit completely the kinematics
of the association. The selection of data used in such analysis is
a very important step, because published values can vary widely
from one source to another. In the following we discuss our
criteria for choosing (among various sources) parallaxes, proper
motions and radial velocities for TWA stars.
We use the trigonometric parallaxes from the new reduction
of Hipparcos (van Leeuwen 2007) when available and combine
them with the associated Tycho-2 proper motions. For the re-
maining TWA stars we use the trigonometric parallaxes derived
in this work which we supplement with those provided by Wein-
berger et al. (2013). The average parallax error is 1.5 mas (Table
3) yielding an average relative error of 8%.
In the case of proper motions, we searched the SPM4 and
UCAC4 catalogs. For common stars in both catalogs we favored
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Table 2: Photometry of the TWA stars observed in this work (except TWA 1). We provide for each star the V, R, I magnitudes
derived in this paper, 2MASS JHK photometry (Cutri et al. 2003) and comments on the multiplicity (B for binary and T for triple)
of targets as summarized in Appendix A of Messina et al. (2010). The symbol “*” denotes rough photometry.
Star V R Gunn i J (2MASS) H (2MASS) K (2MASS) Multiplicity
(mag) (mag) (mag) (mag) (mag) (mag)
TWA 2 11.10 ± 0.03 10.04 ± 0.04 8.91 ± 0.05 7.629 6.927 6.710 B
TWA 5 11.50 ± 0.03 10.40 ± 0.04 9.19 ± 0.05 7.669 6.987 6.745 T
TWA 7 11.78 ± 0.03 10.61 ± 0.03 9.43 ± 0.04 7.792 7.125 6.899
TWA 8A 12.33 ± 0.03 11.18 ± 0.04 9.88 ± 0.05 8.337 7.663 7.430 B
TWA 8B 18.8* 16.6* 15.3* 9.837 9.276 9.012 B
TWA 10 12.91 ± 0.03 11.74 ± 0.03 10.45 ± 0.04 9.122 8.477 8.186
TWA 12 12.94 ± 0.07 11.81 ± 0.06 10.58 ± 0.06 8.999 8.334 8.053
TWA 21 9.85 ± 0.07 9.29 ± 0.06 8.75 ± 0.06 7.870 7.353 7.194
TWA 23 12.69 ± 0.03 11.45 ± 0.03 10.07 ± 0.04 8.618 8.025 7.751
TWA 26 17.25 ± 0.02 16.84 ± 0.03 16.46 ± 0.05 12.686 11.996 11.503
the one with the lowest errors on proper motions which in gen-
eral corresponds to UCAC4. In the case of discrepant values we
compared the proper motion values with other sources (e.g., this
work and Weinberger et al. 2013) to decide between the two cat-
alogs. For the specific cases of multiple systems that exhibit
a poor or inconsistent solution (e.g., TWA 13 and TWA 15),
and stars lacking information in global catalogs we adopted the
proper motions from small field astrometry (this work and Wein-
berger et al. 2013) when no other reliable data were available.
Doing so, the average error on proper motions is 1.8 mas/yr and
1.6 mas/yr, respectively, in right ascension and declination. This
yields an average relative error on proper motions better than
4%.
A proper motion for TWA 29 of (−89.4,−20.9) ±
(10, 10) mas/yr , was estimated by (Schneider et al. 2012a)
based on 2MASS and WISE positions. However, the proper
motion derived by Looper et al. (2007) from UKST observa-
tions combined with 2MASS and DENIS positions is radically
different (−220,+20) ± (70, 100) mas/yr. So we decided to re-
measure this proper motion using the ESO archive database (15
NTT/SOFI NIR images taken from 2003 to 2006) and the WISE
(∼2010), 2MASS(∼2000), DENIS(∼1999) and GSC2(∼1984)
published positions. We derived a proper motion of (−71,−23)±
(7, 3) mas/yr. This object has been included in our analysis de-
spite the large error-bars.
For radial velocities we collected the available measurements
in the literature and we rarely had to perform a selection between
the various sources, because they exist in small number as com-
pared to sources for proper motions. In the case of TWA 4, a
tight quadruple system (Messina et al. 2010), values found in
the literature refer either to the A or B component while here
we are using a Tycho2 proper motion for this star that refers to
the photo-center of the system. We therefore adopted the radial
velocity of the center of mass of the system provided by Torres
et al. (2003). We present the results of our data compilation for
TWA stars in Table 3. In the following sections we investigate
the kinematics of the association and the properties of individual
stars using data presented in this table.
4. Convergent point and membership analysis
In the following we use the convergent point (CP) search method
to identify a reliable moving group in the sample of stars listed
in Table 3 that will be the starting point of our traceback analysis
(see Sect. 6) to determine the dynamical age of the association.
4.1. Convergent point
To accurately determine the CP position and perform a member-
ship analysis of TWA stars we apply our new CP search method
(Galli et al. 2012) to the proper motion data given in Table 3.
The method takes the velocity dispersion and mean distance of
the moving group as input parameters. The intrinsic velocity
dispersion of TWA is expected to be σv ≤ 1 km/s and the mean
distance is d ' 50 pc (see Mamajek 2005). While the veloc-
ity dispersion term in the CP analysis allows us to identify those
group members that do not show strict convergence to the CP, it
also drives the method to include some additional stars that do
not belong to the moving group (de Bruijne 1999a; Galli et al.
2012). Thus, to define a secure group of comoving stars we con-
sider in a first step σv = 0 km/s and run the CP search method
on the sample of classical TWA stars (TWA 1 - TWA 34). The
results of membership analysis can also be understood in terms
of the stop parameter min (see Galli et al. 2012, for more details)
that should allow us to find the largest number of moving group
members with the least contamination by field stars. To better
compare our results with the previous CP analysis of TWA stars
performed by Mamajek (2005) we adopt a rejection threshold
of 5% following his procedure. Doing so, we find a moving
group of 18 stars (TWA 1, TWA 3, TWA 4, TWA 7, TWA 12,
TWA 13A, TWA 13B, TWA 15A, TWA 15B, TWA 21, TWA 23,
TWA 26, TWA 29, TWA 30A, TWA 30B, TWA 32, TWA 33 and
TWA 34) that shows strict convergence and yields the best CP
estimate to date for TWA located at
(αcp, δcp) = (102.4◦,−27.3◦) ± (1.4◦, 0.6◦),
with chi-squared statistics χ2red = 1.1 (i.e., χ
2/ν = 17.4/16).
We estimate the velocity dispersion of the moving group us-
ing Eq. (19) of de Bruijne (1999b) that is given by
µ2⊥ = (A−1 piσv)2 + σ2µ⊥ , (1)
where A = 4.74047 km yr/s is the ratio of one astronomical unit
in km to the number of seconds in one Julian year. We compute
µ⊥, the stellar proper motion component directed perpendicular
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Table 3: Selected astrometric data for the 34 TWA stars (and stellar systems).
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)
Star α δ σα σδ µα cos δ µδ Ref. Vr Ref. pi Ref. CP Traceback
(h:m:s) (◦ ′ ′′) (mas) (mas) (mas/yr) (mas/yr) (km/s) (mas) Member. Age deter.
TWA 1 11 01 51.905 -34 42 17.03 05 04 -73.4 ± 2.3 -17.5 ± 2.3 1 12.66 ± 0.22 7 18.6 ± 2.1 12 Y +
TWA 2 11 09 13.798 -30 01 39.88 16 13 -88.4 ± 1.0 -21.2 ± 0.8 2 10.58 ± 0.51 8 24.0 ± 4.8 3 Y +
TWA 3 11 10 27.894 -37 31 51.97 14 15 -105.9 ± 0.9 -17.3 ± 1.0 2 9.52 ± 0.86 8 28.3 ± 1.6* 3 Y +
TWA 4 11 22 05.288 -24 46 39.74 04 18 -91.7 ± 1.6 -31.1 ± 1.4 1 9.20 ± 0.10 7 22.3 ± 2.3 12 Y +
TWA 5 11 31 55.260 -34 36 27.25 10 12 -79.6 ± 0.8 -22.6 ± 0.9 2 13.30 ± 2.00 8 20.5 ± 2.4 3 Y r
TWA 6 10 18 28.701 -31 50 02.86 14 12 -55.0 ± 1.2 -19.8 ± 1.0 2 16.90 ± 5.00 15 14.9 ± 4.4* 3 Y r
TWA 7 10 42 30.100 -33 40 16.28 128 63 -114.4 ± 0.8 -19.1 ± 0.8 3 12.21 ± 0.24 8 29.0 ±2.1 3 Y +
TWA 8A 11 32 41.263 -26 51 55.99 09 09 -90.6 ± 0.9 -32.1 ± 0.8 4 8.34 ± 0.48 8 23.4 ± 2.0 3 Y +
TWA 8B 11 32 41.172 -26 52 09.13 33 78 -93.2 ± 1.3 -27.5 ± 1.2 4 8.93 ± 0.27 8 25.9 ± 2.0 3 Y +
TWA 9A 11 48 24.229 -37 28 49.11 06 03 -55.4 ± 2.3 -17.7 ± 2.3 1 9.46 ± 0.38 7 21.4 ± 2.5 12 Y r
TWA 9B 11 48 23.732 -37 28 48.50 27 27 -51.0 ± 0.6 -18.1 ± 0.6 3 11.30 ± 2.00 15 19.2 ± 1.1 3 Y r
TWA 10 12 35 04.254 -41 36 38.64 16 14 -64.6 ± 0.4 -30.3 ± 0.4 3 6.75 ± 0.40 8 16.2 ± 1.0 3 Y? –
TWA 11A 12 36 01.031 -39 52 10.23 02 02 -53.3 ± 1.3 -21.2 ± 1.1 1 9.40 ± 2.30 7 13.7 ± 0.3 12 Y +
TWA 11B 12 36 01.031 -39 52 10.23 02 02 .......... .......... - 9.00 ± 1.00 7 .......... - Y –
TWA 11C 12 35 48.939 -39 50 24.50 26 26 -48.6 ± 1.7 -21.3 ± 1.6 2 .......... - 14.5 ± 0.5 5 Y –
TWA 12 11 21 05.484 -38 45 16.51 16 17 -66.6 ± 1.5 -11.7 ± 1.5 2 13.12 ± 1.59 8 15.4 ± 1.7 3 Y +
TWA 13A 11 21 17.219 -34 46 45.47 13 16 -66.4 ± 2.4 -12.5 ± 1.8 5 11.67 ± 0.64 7 18.0 ± 0.7 5 Y +
TWA 13B 11 21 17.446 -34 46 49.83 13 16 -68.0 ± 3.1 -11.0 ± 2.7 5 12.57 ± 0.50 7 16.8 ± 0.7 5 Y +
TWA 14 11 13 26.221 -45 23 42.75 14 14 -43.9 ± 1.4 -7.4 ± 1.4 2 15.83 ± 2.00 8 10.4 ± 1.2 5 Y +
TWA 15A 12 34 20.649 -48 15 13.48 17 17 -37.5 ± 2.4 -10.4 ± 2.0 5 11.20 ± 2.00 15 9.1 ± 1.7 5 Y +
TWA 15B 12 34 20.473 -48 15 19.59 22 17 -36.5 ± 2.9 -9.9 ± 2.8 5 10.03 ± 1.66 8 8.6 ± 1.6 5 Y +
TWA 16 12 34 56.303 -45 38 07.63 18 11 -47.5 ± 1.3 -20.2 ± 0.8 2 9.01 ± 0.42 8 12.8 ± 0.5 5 Y? –
TWA 17 13 20 45.388 -46 11 37.72 16 10 -31.3 ± 1.1 -17.7 ± 1.0 2 4.60 ± 6.00 15 .......... - N –
TWA 18 13 21 37.225 -44 21 51.84 14 14 -32.1 ± 1.1 -20.4 ± 1.1 2 6.90 ± 3.00 15 .......... - N –
TWA 19A 11 47 24.545 -49 53 03.01 03 03 -33.7 ± 1.1 -9.1 ± 1.1 1 11.50 ± 3.80 7 10.9 ± 1.3 12 N –
TWA 19B 11 47 20.642 -49 53 04.31 44 47 -21.6 ± 1.7 -23.4 ± 1.6 4 15.20 ± 2.00 15 .......... - N –
TWA 20 12 31 38.068 -45 58 59.47 12 12 -63.5 ± 1.1 -27.8 ± 1.1 2 8.10 ± 4.00 15 12.9 ± 0.6 5 Y? –
TWA 21 10 13 14.774 -52 30 53.95 16 10 -60.9 ± 1.5 13.9 ± 0.8 2 17.50 ± 0.80 10 19.8 ± 1.4 3 Y r
TWA 22 10 17 26.905 -53 54 26.42 18 18 -175.8 ± 0.8 -21.3 ± 0.8 13 13.57 ± 0.26 8 57.0 ± 0.7 13 N –
TWA 23 12 07 27.377 -32 47 00.25 18 15 -75.8 ± 0.9 -25.7 ± 0.9 3 8.52 ± 1.20 8 20.6 ± 1.8 3 Y +
TWA 24 12 09 41.861 -58 54 45.08 12 18 -35.2 ± 1.8 -14.9 ± 2.1 2 11.90 ± 0.90 10 .......... - N –
TWA 25 12 15 30.723 -39 48 42.59 12 13 -73.2 ± 0.8 -27.7 ± 0.8 2 9.20 ± 2.10 10 18.5 ± 1.2 5 Y? –
TWA 26 11 39 51.140 -31 59 21.50 60 60 -93.3 ± 0.5 -27.5 ± 0.5 3 11.60 ± 2.00 14 26.2 ± 1.1 3 Y r
TWA 27 12 07 33.467 -39 32 54.00 60 60 -64.2 ± 0.4 -22.6 ± 0.4 3 11.02 ± 2.00 14 19.1 ± 0.4 3 Y r
TWA 28 11 02 09.833 -34 30 35.53 60 60 -67.2 ± 0.6 -14.0 ± 0.6 13 .......... - 18.1 ± 0.5 13 Y –
TWA 29 12 45 13.798 -44 28 47.63 44 38 -71.0 ± 7.0 -23.0 ± 3.0 3 .......... - 12.7 ± 2.1 5 Y –
TWA 30A 11 32 18.315 -30 19 51.85 20 20 -87.8 ± 1.3 -25.2 ± 1.3 2 12.30 ± 1.50 11 18.0 ± 2.2* 3 Y r
TWA 30B 11 32 16.921 -30 18 10.53 21 21 -83.0 ± 9.0 -30.0 ± 9.0 11 12.00 ± 3.00 11 17.8 ± 4.8* 3 Y r
TWA 31 12 07 16.547 -32 30 22.36 10 10 -42.0 ± 6.0 -36.0 ± 3.0 6 10.47 ± 0.41 8 .......... - N –
TWA 32 12 26 51.367 -33 16 12.54 32 79 -59.7 ± 2.4 -22.9 ± 2.2 4 7.15 ± 0.26 8 13.0 ± 0.7* 3 Y +
TWA 33 11 39 33.846 -30 40 00.34 50 45 -73.3 ± 2.9 -25.4 ± 2.6 4 .......... - 19.0 ± 1.2* 3 Y –
TWA 34 10 28 45.790 -28 30 37.53 38 35 -68.6 ± 2.7 -11.4 ± 2.5 4 .......... - 20.0 ± 1.3* 3 Y –
Notes. We provide for each star in col. 2, 3, 4 and 5 its position (epoch=2000.0) from UCAC4 whenever available otherwise from SPM4 or
2MASS. The proper motion, radial velocity, parallax and the corresponding references are given in col. 6, 7, 8, 9, 10, 11, 12. Parallaxes with a “*”
symbol are kinematic parallaxes derived in Sect. 4.3. Column 13 gives the membership status derived from the CP search method (‘Y’ = member,
‘N’ = non-member, ‘Y?’ = possible member) as defined in Sect. 4.4. Column 14 summarizes the participation of CP members to the trace-back
age determination (see Section 5.2 for details) (+=participation, r=rejected, –:not member or lack of data).
References. (1) Tycho2 (Høg et al. 2000); (2) UCAC4 (Zacharias et al. 2013); (3) This paper or Ducourant et al. (2008); (4) SPM4 (Girard et al.
2011); (5) Weinberger et al. (2013); (6) Schneider et al. (2012a); (7) Torres et al. (2003); (8) Shkolnik et al. (2011); (9) Torres et al. (2008);
(10) Song et al. (2003); (11) Looper et al. (2010a,b); (12) Hipparcos (van Leeuwen 2007); (13) Teixeira et al. (2008, 2009); (14) Mohanty et al.
(2003); (15) Reid (2003).
to the great circle that joins the star and the CP, using the follow-
ing transformation
(
µ‖
µ⊥
)
=
(
sin θ cos θ
− cos θ sin θ
) (
µα cos δ
µδ
)
, (2)
where θ is given by (see also Galli et al. 2012; de Bruijne 1999a)
tan θ =
sin(αcp − α)
cos δ tan δcp − sin δ cos(αcp − α) . (3)
To do so, we assume that all stars 1 in Table 3 with known
trigonometric parallax are “candidate members” of the associa-
tion. Then we come back to Eq.(1) and set σµ⊥ = 0 which is con-
sistent with estimating an upper limit for the velocity dispersion
of the association for those stars with known trigonometric par-
allax. The upper limit will allow us to recover as many members
as possible in our upcoming CP analysis with a non-zero veloc-
ity dispersion value. A more refined velocity dispersion estimate
will be discussed in Sect. 4.4 with our final sample of moving
group members. The velocity dispersion σv in Eq. (1) that arises
only from the perpendicular motion of stars is estimated itera-
1 TWA 22 was not considered in this analysis, because previous stud-
ies (Mamajek 2005; Barrado Y Navascués 2006; Teixeira et al. 2009)
strongly suggest that this star is not a TWA member.
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tively, i.e., for each computed value of σv we re-calculate the CP
position. In the first iteration we use σv = 0 km/s and the CP
solution mentioned above. After a few iterations we converge
towards σv ' 0.8 ± 0.1 km/s.
When we run the CP search method on the initial sample of
TWA stars with σv = 0.8 km/s we end up with a moving group
of 30 stars that can be regarded as kinematic members of the
association. The associated CP is located at
(αcp, δcp) = (100.1◦,−27.1◦) ± (3.0◦, 1.3◦),
with chi-squared statistics χ2red = 1.2 (i.e., χ
2/ν = 34.6/28).
We note that the addition of 12 stars (TWA 2, TWA 5, TWA 6,
TWA 8A, TWA 8B, TWA 9A, TWA 9B, TWA 11A, TWA 11C,
TWA 14, TWA 27, and TWA 28) to the 18 listed in the preceding
paragraph shifts the CP position, but both results are still com-
patible within 1σ. Our solution is consistent with the CP derived
by Mamajek (2005), (αcp, δcp) = (100.5◦,−27.9◦) ± (5.0◦, 2.3◦),
using a different proper motion data set and CP method. How-
ever, ours is more precise which comes naturally from the proper
motion data available at the moment.
4.2. Validation
In the following we investigate via Monte Carlo simulations the
validity of our CP solution derived with 30 moving group mem-
bers (see Sect. 4.1). We construct 1000 synthetic samples of
TWA by resampling the stellar proper motions from a Gaus-
sian distribution where the mean and variance correspond to the
proper motion and its uncertainty given in Table 3. For each sim-
ulated data set we run the CP search method (with d = 50 pc and
σv = 0.8 km/s) and compute the CP location. The CP derived
in Sect 4.1 is perfectly consistent with the centroid of simulated
CPs (see Fig. 3) that is located at
(αcp, δcp) = (100.0◦,−26.9◦) ± (2.3◦, 1.0◦).
Thus, we conclude that our CP solution presented in Sect. 4.1 is
representative of the TWA moving group.
4.3. Kinematic parallaxes
When a star belongs to a moving group its proper motion and
radial velocity can be used to determine its distance (see e.g.
Mamajek 2005; Bertout & Genova 2006; Galli et al. 2012). We
use this approach to estimate the distance for 7 TWA members
whose trigonometric parallax is not known in the literature. The
kinematic parallax for each group member is given by
pikin =
A µ‖
Vr tan λ
, (4)
where λ is the angular distance from the CP to the star, Vr is
the radial velocity and µ‖ is the stellar proper motion component
directed towards the CP (as defined in Sect. 4.1).
Among the 30 TWA members identified in our CP analysis
only TWA 3, TWA 6, TWA 30A, TWA 30B, TWA 32, TWA 33
and TWA 34 do not have any trigonometric parallax measure-
ment in the literature (and in this paper). We use the procedure
described in the preceding paragraph and in Equation 4 to de-
rive their kinematic parallax (equation 5 was used instead when
radial velocity measurement was not available, see next para-
graph); in Table 3 these values are marked with “*” to distin-
guish them from other stars with trigonometric parallaxes. This
is the first determination of kinematic distance for TWA 30A,
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Fig. 3: Location of the simulated CPs for 1000 Monte Carlo
realizations (red dots). The solid lines indicate the X2 contours
and the dashed lines denote the 1σ, 2σ and 3σ confidence levels
for the CP solution with 30 members presented in Sect. 4.1 (blue
square). The green triangle indicates the centroid of simulated
CPs.
TWA 30B, TWA 32, TWA 33 and TWA 34, because they were
not included in the previous CP analysis performed by Mamajek
(2005).
For the specific case of TWA 3 we found five different ra-
dial velocity measurements (see de la Reza et al. 1989; Reid
2003; Mamajek 2005; Torres et al. 2006; Shkolnik et al. 2011).
TWA 3 is known to be a multiple system (see e.g. Schneider
et al. 2012a); this makes credible the various radial velocity val-
ues found in the literature. Since TWA 3 has not been resolved in
current astrometric catalogs, the proper motion provided in Ta-
ble 3 should be regarded as representative of the stellar system.
On the other hand, TWA 33 and TWA 34 have been identified
as TWA moving group members based on their proper motions
and our CP analysis (see Sect. 4.1), but they do not have any
measured radial velocity in the literature. In such cases, Eq. (4)
cannot be used to compute the stellar kinematic parallax. Thus,
we use an alternative approach by assuming that those stars that
belong to a moving group share the same space motion. In this
case, the approximate parallax of the star is given by
piapp =
A µ‖
Vspace sin λ
, (5)
where the group spatial velocity is Vspace = 21.5±1.2 km/s (to be
discussed in Sect. 5). We use this approach to derive an approx-
imate parallax for TWA 3, TWA 33 and TWA 34. We note that
our distance estimates for TWA 33 (d = 53+3−3 pc) and TWA 34
(d = 50+3−3 pc) agree with the results presented by Schneider et al.
(2012b), but they are more precise which comes from the more
precise proper motion data used in the present paper.
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4.4. Membership analysis
The final membership status of each star considered in this paper
is given in Table 3 together with their astrometry. The 30 stars
selected by the CP method in our analysis (see Sect. 4.1) are
considered TWA moving group members and their membership
status is indicated with ‘Y’. Our analysis confirms TWA 11A
and TWA 11C as moving group members while the membership
status of the TWA 11B component, whose proper motion is not
known, cannot be investigated with the CP method. However, it
seems unlikely that TWA 11B is not co-moving with the other
components of this multiple system, so we consider TWA 11B
as a group member and mark its membership status with ‘Y’; we
finally end up with a list of 31 kinematic members.
Among the rejected stars in our CP analysis we note that
TWA 17, TWA 18, TWA 19A, TWA 19B, and TWA 24 have
also been excluded as TWA members by Mamajek (2005) be-
cause their distances inferred from the CP strategy are more
consistent with the Lower Centaurus-Crux (LCC) subgroup of
the Scorpius-Centaurus (Sco-Cen) association. That these stars
are also rejected in our new and revised CP solution confirms
the previous results. TWA 31 is also rejected by the CP search
method, possibly due to its poor proper motion as compared
to other TWA members. Its membership status should be re-
discussed when more precise measurements become available.
Our analysis also confirms that TWA 22 is not a group member
as already suggested in previous studies (Mamajek 2005; Bar-
rado Y Navascués 2006; Teixeira et al. 2009). All stars men-
tioned in this paragraph are therefore considered non-members
of the association following our analysis, and their membership
status in Table 3 is indicated with ‘N’.
On the other hand, TWA 10, TWA 16, TWA 20, and TWA 25
were considered TWA members in Mamajek’s analysis, but are
rejected by the CP search method in the present paper. By com-
paring the stellar proper motions used in both papers we con-
clude that those used here are more precise than the ones that
were available when Mamajek (2005) preformed his CP analy-
sis. When we replace the proper motions given in Table 3 of
the present paper for TWA 10, TWA 16, TWA 20, and TWA 25
by the ones listed in Table 1 of Mamajek (2005), and run the
CP search method, we observe that these stars can be tolerated
in our solution with negligible impact to the CP position. It
seems that the large proper motion errors used in Mamajek’s
CP analysis have cast doubt on the derived µ⊥ allowing these
stars to be considered TWA moving group members. Thus, given
the more recent and precise proper motion measurements avail-
able now, such as the ones listed in Table 3, we cannot confirm
TWA 10, TWA 16, TWA 20, and TWA 25 as TWA members
based only on the CP search method. Galli et al. (2012) per-
formed extensive simulations that convincingly demonstrate that
more than 80% of all cluster members can be retrieved using the
CP search method employed in this paper. Although the frac-
tion of cluster members identified with this technique is high,
we may have missed a few group members. Additional infor-
mation for TWA 10, TWA 16, TWA 20, and TWA 25, such as,
parallax and radial velocity (see Table 3), spatial location (see
Sect. 5), and isochronal age (see Sect. 6) suggest that they are
consistent with membership in TWA. Thus, we retain these stars
as possible TWA members, and mark their membership status in
Table 3, column (13) with "Y?" to distinguish them from those
group members that were directly identified by the CP search
method.
Once we have defined our final list of association members
we are now in a better position to determine an accurate value
for the velocity dispersion of the group. We estimate the intrin-
sic velocity dispersion of the association by the distribution of
perpendicular velocities V⊥ and their errors that arise from the
µ⊥ proper motion components. Then, we search for the velocity
dispersion σv needed to force our result to χ2red = 1. We estimate
the uncertainty of our result by defining the lower and upper lim-
its for the velocity dispersion within an acceptable range of χ2
for a good fit (see e.g. Gould 2003). We find σv = 0.6+0.2−0.1 km/s
using all stars with known trigonometric parallax and marked
with ‘Y’ (and not ’Y?’) in Table 3. Re-calculating the CP with
σv = 0.6 km/s has negligible effect in our solution. However, in
Sect 4.3 we derived kinematic parallaxes for another 7 members
of the association. Now that we have a distance estimate for all
30 moving group members identified in our CP analysis, there is
no reason to limit the velocity dispersion analysis to only those
23 stars with known trigonometric parallax. Calculating the ve-
locity dispersion with all 30 moving group members yields in-
stead σv = 0.8+0.2−0.1 km/s. We observe that our final velocity dis-
persion estimate confirms the results discussed in Sect. 4.1 and
is in identical to the value of σv = 0.8+0.3−0.2 km/s derived by Ma-
majek (2005) in his analysis. 2
5. Space motion and dynamical age
Makarov et al. (2005) and de la Reza et al. (2006) pioneered
the idea of accurately deriving the dynamical age of the TWA.
Makarov et al. (2005) investigated the path of several probable
members of the association and showed that 5 objects form a
rapidly expanding association with an expansion age of 4.7 ±
0.6 My. de la Reza et al. (2006) showed that four Hipparcos
stars belonging to the association were converging back in time
towards a minimum volume corresponding to the dynamical age
of the association. This minimum volume was reached at an age
of 8.3 Myr. Their different conclusions relied heavily on a small
number of objects and on the accuracy of the data they used, in
particular radial velocities. Since then, efforts have been dedi-
cated to measurement of accurate parallaxes and proper motions
of TWA stars (Ducourant et al. 2008; Teixeira et al. 2008, 2009;
Weinberger et al. 2013) to secure the determination of the dy-
namical age of the association.
In between, suspicion of a spread in the ages of the members
was raised by several authors. Lawson & Crause (2005) found
evidence for two populations spatially and rotationally distinct,
the TWA 1-13 group being younger (∼10 Myr) and closer to
the Sun while TWA 14-19 would constitute an older (∼17 Myr)
and more distant pre-main-sequence population rather associ-
ated with the LCC subgroup. Barrado Y Navascués (2006) revis-
ited the age estimation of the association using various methods
and notes that the TWA stars might not be coeval and that each
age estimation method has its own limitations.
Recently,Weinberger et al. (2013) published 14 parallaxes
that greatly increased the number of available distances to TWA
stars. They tried to derive a dynamical age for the association
by using the astrometric data available but could not find any
convergence back in time and concluded that TWA members
have parallel motions. With a new set of available parallaxes
and proper motions (from Table 3), we are now in a situation to
revisit the spatial motion of TWA stars and the dynamical age of
the association.
2 It is important to note that the upper limit of 0.8 km/s given in
Sect. 4.1 refers only to the sample of stars in Table 3 with known
trigonometric parallax.
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5.1. Space Motion
Among the 42 TWA stars (including resolved components) given
in Table 3, 31 stars have both known parallaxes (trigonometric
or kinematic) and radial velocities. We computed the Galactic
positions and velocities of these stars using the procedure de-
scribed by Johnson & Soderblom (1987). These results are pre-
sented in Table 4. The Galactic positions (X,Y,Z) are given in a
right-handed coordinate system with origin at the Sun where X
points towards the Galactic center, Y points in the direction of
Galactic rotation and Z points to the Galactic North pole. The
stellar velocity projected on this XYZ grid defines the (U,V,W)
components of the Galactic space velocity.
Obviously, some objects exhibit motions or positions differ-
ent from the rest. Are these differences a consequence of the
history of these stars or of unreliable data? A source of difficulty
in such kinematic analysis is the quality and reliability of data,
specially of radial velocities. Since many TWA stars are in dou-
ble or multiple systems, the radial velocity of an individual star,
depending on the separation of the components and the period
of the system may change noticeably with time (Makarov 2007).
This point is of great importance for the following section where
we intend to trace stars back in time to find a common origin.
5.2. Traceback age of TWA
To determine the traceback age of the association, we considered
the 25 stars, kinematic members as determined in Sect. 4.1 (sta-
tus=’Y’ in Table 3) that have radial velocity and parallax mea-
surements (TWA 1, TWA 2, TWA 3, TWA 4, TWA 5, TWA 6,
TWA 7, TWA 8A, TWA 8B, TWA 9A, TWA 9B, TWA 11A,
TWA 12, TWA 13A, TWA 13B, TWA 14, TWA 15A, TWA 15B,
TWA 21, TWA 23, TWA 26, TWA 27, TWA 30A, TWA 30B and
TWA 32).
We then considered the present day positions of these ob-
jects and computed their location backwards in time with a step
of 0.1 Myr for a period of 20 Myr. To characterize the extent
of the association we computed at each epoch the mean coordi-
nates (X¯, Y¯ , Z¯) of the group and their associated standard devia-
tion about the mean (σX , σY , σZ). We defined the typical radius
of the association as : rad = 13 (σX + σY + σZ) and searched
for the epoch minimizing this quantity. This radius should be
representative of the global spread of stars around the mean.
The examination of the evolution with time of the distance
of each object from the mean of the group revealed that sev-
eral objects systematically drifted away from the center of the
association back in time. This is the case for TWA 5, TWA 6,
TWA 9A, TWA 9B, TWA 21, TWA 26, TWA 27, TWA 30A and
TWA 30B. Several reasons may explain this behavior, such as
corrupted data (most probably), contamination by non members
or non coevality with others stars.
Eliminating these 9 discrepant stars leaves us with a sample
of 16 stars (TWA 1, TWA 2, TWA 3, TWA 4, TWA 7, TWA 8A,
TWA 8B, TWA 11A, TWA 12, TWA 13A, TWA 13B, TWA 14,
TWA 15A, TWA 15B, TWA 23 and TWA 32). We will des-
ignate these converging members, hereafter as traceback core
stars. Their participation to the determination of the trace-back
age is indicated in Table 3, column (14) : "+" for traceback core
stars, "r" for objects rejected because they were systematically
drifting away from TWA center and "–" for non members as de-
fined by CP analysis or when data were missing for space veloc-
ity calculation.
Assuming that our sample of stars may be contaminated by
non-members and to get rid of the particular influence of each
star we applied a Jackknife resampling technique to our list of
16 core-stars eliminating randomly 3 objects (20 % of the sam-
ple). We generated 2000 random lists of 13 stars taken from
our 16 core-stars and calculated for each the epoch of conver-
gence when rad is minimum. Each possible configuration of
13 stars drawn from 16 was represented about 3 or 4 times in
our trials. The mean of the epochs obtained and the disper-
sion about the mean correspond to the back-track age of TWA
t ' −7.5 ± 0.7 Myr. We present in Fig. 4 the evolution of the
radius of the association rad as function of time for the 2000
configurations and in Fig. 5 the repartition of the epochs corre-
sponding to the minimum radius.
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Fig. 4: Evolution back in time of the radius rad of the 2000
resampled lists of 13 TWA core-stars.
One notices several groups of curves in this figure. The up-
per one contains the most configurations. The lowest ones corre-
spond to samples where TWA 15A or/and TWA 15B are absent.
These stars have the smallest parallaxes of any in Table 3, so
that their non-inclusion naturally diminishes the radius of the as-
sociation. One could question whether these stars are members
of TWA and instead place them in Lower Centaurus-Crux (LCC)
that is located behind the TWA. However, TWA 15A and 15B are
consistent with TWA membership according to our CP analysis
and their evolutionary ages derived in Section 6 are more con-
sistent with the mean evolutionary age of TWA than with that of
LCC (17 Myr, Chen et al. (2011); even if LCC is not as old as 17
Myr, it is older than TWA (Figure 2 in Song et al. (2012)). More-
over a chi square test applied to the UVW velocities of these two
objects to test their ad-equation to the mean velocities of TWA
or LCC systematically better agrees with a kinematic member-
ship to TWA. Therefore, we retain TWA15A and B in our list
of core trace-back stars. A trace-back strategy applied to the list
excluding TWA 15A and TWA 15B leads to a traceback age of
-6.3+/-0,8 Myr.
The weighted mean UVW velocities of the 16 traceback core
stars are (−11.7,−17.3,−5.0)± (0.9, 1.3, 1.0) km/s. These values
are in good agreement with various published values (e.g. Tor-
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Table 4: Galactic position and space velocity with respect to the Sun for the 31 stars from Table 3 with available parallaxes
(trigonometric or kinematic) and radial velocities.
Star X Y Z U V W
(pc) (pc) (pc) (km/s) (km/s) (km/s)
TWA1 7.5 -48.9 21.0 -12.1± 1.7 -18.5± 0.8 -6.4± 1.4
TWA2 5.1 -36.5 19.5 -11.8± 2.6 -16.4± 1.5 -5.1± 2.0
TWA3 6.5 -31.6 12.5 -11.9± 0.5 -15.1± 0.8 -5.6± 0.4
TWA4 5.4 -36.9 24.9 -12.7± 1.5 -17.5± 1.0 -6.5± 1.2
TWA5 11.3 -42.6 21.0 -10.8± 1.7 -20.2± 2.0 -4.3± 1.5
TWA6 -1.4 -62.8 23.7 -10.9± 3.1 -21.0± 4.9 -8.4± 4.6
TWA7 2.4 -31.9 12.9 -13.2± 1.0 -17.0± 0.5 -6.8± 0.8
TWA8A 7.5 -35.1 23.1 -11.6± 1.1 -16.6± 0.9 -6.1± 1.0
TWA8B 6.7 -31.8 20.9 -11.1± 1.0 -16.0± 0.7 -4.2± 0.7
TWA9A 14.2 -40.4 18.8 -6.4± 1.2 -14.4± 0.8 -2.6± 0.9
TWA9B 15.8 -45.0 21.0 -5.9± 0.8 -16.3± 1.8 -2.4± 0.9
TWA10 28.5 -50.0 22.3 -10.9± 0.9 -17.7± 0.8 -7.0± 0.6
TWA11A 33.3 -58.4 28.4 -9.6± 1.2 -19.3± 1.9 -4.2± 1.0
TWA12 14.9 -58.8 23.1 -13.3± 1.9 -20.0± 1.7 -5.5± 1.3
TWA13A 11.1 -49.3 23.1 -11.4± 0.8 -17.5± 0.7 -3.9± 0.6
TWA13B 11.9 -52.8 24.7 -12.8± 1.1 -18.9± 0.7 -3.9± 0.8
TWA14 24.9 -89.9 23.5 -11.8± 2.0 -21.9± 2.1 -6.5± 1.4
TWA15A 53.2 -92.1 27.6 -10.3± 3.3 -20.4± 2.7 -3.7± 1.7
TWA15B 56.3 -97.5 29.2 -11.4± 3.4 -19.7± 2.7 -4.1± 2.0
TWA16 37.2 -64.7 23.0 -9.2± 0.7 -18.2± 0.6 -5.6± 0.4
TWA19A 34.4 -83.0 18.6 -7.3± 2.0 -16.9± 3.5 -5.0± 1.3
TWA20 36.4 -64.7 22.3 -14.1± 2.1 -20.8± 3.4 -9.2± 1.3
TWA21 8.8 -49.6 2.8 -10.6± 1.0 -19.9± 0.8 -4.6± 0.5
TWA22 3.5 -17.2 0.7 -8.2± 0.2 -15.9± 0.3 -9.0± 0.1
TWA23 16.1 -39.2 23.7 -10.2± 1.2 -17.1± 1.3 -3.9± 0.9
TWA25 21.5 -45.1 20.7 -10.5± 1.3 -18.6± 1.9 -5.6± 1.0
TWA26 9.1 -32.3 18.2 -9.9± 0.7 -18.3± 1.7 -3.2± 1.0
TWA27 19.5 -44.2 20.1 -8.0± 0.8 -18.2± 1.7 -3.6± 0.8
TWA30A 10.2 -43.2 25.1 -13.4± 2.2 -20.8± 1.9 -5.3± 1.8
TWA30B 10.3 -43.6 25.4 -12.1± 4.6 -20.6± 4.0 -6.2± 4.1
TWA32 27.0 -52.8 33.3 -11.4± 1.6 -18.0± 1.4 -4.7± 1.1
res et al. 2008; Weinberger et al. 2013) and confirms that our
sample of traceback core stars consists of genuine TWA mem-
bers. These converging members lie at a mean distance d '61 pc
(ranging from 34.6 to 116.3 pc).
The age derived in this work can be compared to similar
investigations via backtracking. Makarov et al. (2005) derived
an expansion age of 4.7 Myr using Hipparcos data for TWA 1,
4, 11 and two other young nearby stars (HD 139084 and HD
220476). de la Reza et al. (2006) derived an expansion age of
8.3±0.8 Myr using Hipparcos data for TWA 1, 4, and 11 and 19.
These two determinations based essentially on the same astro-
metric data (Hipparcos) differ by the selection of stars (inclusion
or not of TWA 19) and inclusion of two stars which are proba-
bly not members. Using new parallaxes and available UCAC3
proper motions Weinberger et al. (2013) could not observe any
convergence of the TWA group back in time. In the present work
we used an updated database including the UCAC4 proper mo-
tions and new trigonometric parallaxes and observed a conver-
gence for a restricted list of 16 stars. Indeed the data and the
number of objects used to derive the age have a major impact on
the result. Finally the reality of the membership of the objects
used for the backtracking is essential. Moreover if some TWA
groups of stars are not coeval then the task of finding an expan-
sion age become even more complex. In this work we selected
a subsample of probable coeval members of TWA and derived a
traceback age for the association. This result will be considered
in the next section via evaluation of individual star ages by the
study of an HR diagram.
6. HR-Diagram
In the following, we construct an HR-diagram of the TWA and
determine the main physical parameters of individual stars using
available photometric and spectroscopic information. Our anal-
ysis is obviously restricted to those stars marked with ‘Y’ and
‘Y?’ in Table 3 with known parallaxes and photometry. For a
few systems that were resolved by high angular resolution pho-
tometric observations but with unresolved astrometry we assume
the same parallax value for the various components.
Weinberger et al. (2013) derived the age of 29 TWA stars us-
ing their new parallax results and H band photometry from the
2MASS catalog. No attempt was made in their work to correct
the computed absolute magnitudes for extinction. In this paper
we take into account the effect of stellar extinction due to circum-
stellar material that may be present in some association members
(see Schneider et al. 2012a). We compute the visual extinction
AV from the color excess in (B − V), (V − IC), (V − J), (V − H)
and (V − K) following the procedure described by Pecaut et al.
(2012). We also used (J − K) from 2MASS photometry when
optical colors were not available (see e.g. Sect. 4.2 of Kenyon
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Fig. 5: Distribution of epochs corresponding to the minimum
radius of the 2000 resampled lists of 13 TWA core-stars as in-
dicated by a histogram (in purple) and a kernel density esti-
mator (in black). The mean of the distribution and dispersion
about the mean indicate a trace-back age for the association of
t ' −7.5 ± 0.7 Myr.
& Hartmann 1995). Most stars in our sample exhibit low extinc-
tion, so we set the extinction to zero when derived estimates of
AV yield a non-physical negative value that one might attribute
to photometric errors. We adopt a total to selective extinction
ratio of RV = 3.1 and took the weighted mean of all significant
non-zero AV values as our final result. The formal uncertain-
ties in our AV estimates that come from photometric errors are
better than 0.1 mag. Our results are given in Table 5. We use
the value of AH/AV = 0.15 from Cieza et al. (2005) to compute
AH for each star and correct the stellar luminosities (see below)
from stellar extinction. The AH values typically ranged from 0
to 0.05 mag.
The stellar luminosities were derived from the H flux to bet-
ter compare our results with Weinberger et al. (2013). However,
to ensure the quality of our results we built a control sample by
re-calculating the stellar luminosities (and the stellar parameters)
from the 2MASS J flux. Since both procedures yield equivalent
results within 8% and for clarity of presentation we have cho-
sen to present in Table 5 only the stellar luminosities that result
from the H flux. The luminosity error budget takes into account
photometric errors and the parallax uncertainty. We used the
intrinsic colors, temperatures and bolometric corrections for 5-
30 Myr pre-main sequence stars as given in Table 6 of Pecaut &
Mamajek (2013).3
The HR-diagram presented in Figure 6 shows that most TWA
members lie between the 3 Myr and 10 Myr isochrones. We de-
rive the masses and ages of individual stars based on their po-
3 Because TWA 11A is an A0 star (see e.g. Schneider et al. 2012a),
we used the intrinsic colors for dwarf stars given in Table 4 of Pecaut &
Mamajek (2013) to compute its luminosity.
sition in the HR-diagram. The models available for PMS stars
below 20 Myr are rather uncertain (Soderblom et al. 2013) so
we decided to test two of the more commonly used evolutionary
models. To do so, we use the grid of pre-main sequence evo-
lutionary tracks and isochrones computed by Siess et al. (2000)
and Baraffe et al. (1998). We use the version of the Baraffe et al.
models with helium abundance Y = 0.282 and mixing length pa-
rameter of 1.9, because of its success in confirming coevality of
the components in young multiple systems as reported by White
et al. (1999). The stellar parameters that result from this inves-
tigation are presented in Table 5.We note that the stellar ages of
the two components of the binary stars listed in Table 5 agree
with each other within their errors. The age and mass distribu-
tions of TWA moving group members are shown in Fig. 7.
We note from Fig. 7 and Table 5 that TWA 9A, TWA 21 and
TWA 23 are older than other moving group members accord-
ing to both models. Concerning TWA 9A, we noticed that its
kinematical distance calculated from the spatial velocity of the
association as described in section 4.3 (pikin = 14.2±1.0 mas) and
its trigonometric distance (pi = 21.4 ± 2.5 mas) are very differ-
ent. Weinberger et al. (2013) consider TWA 9A in their Section
4.2 and reject it as a member. Therefore we strongly suspect
TWA 9A not to be TWA member or its various trigonometric
parallax measurements (this work, Hipparcos) to be false. In any
case this star has been rejected from the trace-back and is elim-
inated at a 3 σ rejection test when calculating the mean evolu-
tionary age of TWA. Removing TWA 9A, TWA 21 and TWA 23
from our CP analysis in Sect. 4.1 has negligible effect on the CP
position, thus they can still be regarded as kinematic members of
the TWA. We also note from Table 5 that TWA 11A stands out on
the mass distribution being more massive than other TWA mem-
bers (see Fig. 7). This star does not appear in Fig. 6 because of
the chosen range of temperature and luminosity.
The mean age for TWA stars derived in this work from the
Baraffe et al. (1998) isochrones (8.2 ± 0.7 Myr) is consistent
with the mean age of 9 Myr derived by Weinberger et al. (2013)
in their analysis. However, the median age of 10.1 Myr reported
in that analysis differs from the value of 7.2 Myr obtained in this
work. The difference between these two age estimates can be
due to some combination of a different sample of TWA stars, the
effect of stellar extinction (not considered by Weinberger et al.
2013) and different ways of converting observed data (magni-
tudes, colors and spectral types) to theoretical values (effective
temperature and luminosity). We present in Table 6 the mean
and median age derived for each set of isochrones used in this
work after a 3σ elimination.
We note from Table 6 that the age estimates inferred from
Siess et al. (2000) isochrones are systematically smaller than the
results given by Baraffe et al. (1998). That the mean and median
age results listed in Table 6 for each set of isochrones differ, is
not surprising given the different input assumptions and stellar
physics in each model.
The mean of 8.2 ± 0.7 Myr inferred from the Baraffe et al.
(1998) isochrones (after 3σ elimination) is compatible with the
dynamical traceback age within 1σ of the computed errors. Fur-
thermore, the mean age of 7.3±1.0 Myr calculated using only the
traceback-core stars included in Table 5 is also fully consistent
with the dynamical age and provides a more direct comparison
of these age estimates. These results agree well with previous
estimates using different strategies as summarized in Table 2 of
Fernández et al. (2008). We conclude from this analysis that the
dynamical traceback age derived in Sect. 5 is compatible with the
isochronal age estimates derived from both evolutionary models
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Fig. 6: HR-diagram of the TWA stars listed in Table 5 with the grid of evolutionary models computed by Siess et al. (2000) with
metallicity Z = 0.02 (upper panel) and Baraffe et al. (1998) with Y = 0.282 and mixing length parameter of 1.9 (lower panel).
The solid and dashed lines are, respectively, evolutionary tracks from 0.1M to 1M with mass increment of 0.1M and theoretical
isochrones with the ages indicated in the figure. The green line indicates the zero-age main sequence (ZAMS) with the Siess et al.
(2000) models, and the 1 Gyr isochrone computed by Baraffe et al. (1998). We assume a ±100 K uncertainty for all spectral types.
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Table 5: Physical parameters derived for TWA stars with known distance.
Siess et al. (2000) Baraffe et al. (1998)
Star ST Te f f AV Habs log(L/L) log(M/M) log t log(M/M) log t Ref.
(K) (mag) (mag) (t in Myr) (t in Myr)
TWA 1 K8 3940 0.00 3.91 ± 0.25 −0.58 ± 0.12 −0.16 ± 0.01 6.90 ± 0.19 −0.10 ± 0.03 7.09 ± 0.21 1,2,3,4
TWA 2A M0.5 3704 0.33 4.22 ± 0.44 −0.75 ± 0.20 −0.34 ± 0.01 6.81 ± 0.26 −0.23 ± 0.08 7.02 ± 0.29 1,3,6,10
TWA 2B M2 3490 0.00 5.01 ± 0.44 −1.09 ± 0.20 −0.50 ± 0.03 6.91 ± 0.24 −0.39 ± 0.06 7.13 ± 0.27 1,3,5,6
TWA 3A M4 3160 0.00 4.79 ± 0.13 −1.03 ± 0.07 −0.75 ± 0.02 6.60 ± 0.05 −0.74 ± 0.04 6.38 ± 0.07 3,5,6
TWA 3B M4 3160 0.00 5.41 ± 0.14 −1.28 ± 0.08 −0.81 ± 0.02 6.78 ± 0.06 −0.81 ± 0.03 6.61 ± 0.06 3,5,6
TWA 4A K5 4140 0.00 3.31 ± 0.24 −0.31 ± 0.12 −0.06 ± 0.01 6.73 ± 0.20 −0.04 ± 0.01 6.81 ± 0.22 5,7,8
TWA 4B K7,M1 3970 0.00 3.32 ± 0.24 −0.34 ± 0.12 −0.16 ± 0.01 6.56 ± 0.18 −0.10 ± 0.03 6.70 ± 0.20 5,7,8
TWA 5Aa M2 3490 0.00 4.25 ± 0.26 −0.79 ± 0.12 −0.46 ± 0.01 6.55 ± 0.10 −0.40 ± 0.06 6.70 ± 0.17 1,3,5,9
TWA 5Ab M2 3490 0.00 4.35 ± 0.26 −0.83 ± 0.12 −0.47 ± 0.01 6.60 ± 0.14 −0.39 ± 0.05 6.75 ± 0.18 1,3,5,9
TWA 6 M0 3770 0.00 4.05 ± 0.64 −0.67 ± 0.28 −0.29 ± 0.01 6.72 ± 0.39 −0.19 ± 0.06 7.00 ± 0.43 1,3,4
TWA 7 M3 3360 0.00 4.44 ± 0.16 −0.87 ± 0.07 −0.56 ± 0.01 6.61 ± 0.08 −0.54 ± 0.05 6.55 ± 0.09 1,3,4
TWA 8A M3 3360 0.00 4.57 ± 0.21 −0.93 ± 0.11 −0.56 ± 0.02 6.63 ± 0.12 −0.55 ± 0.05 6.62 ± 0.15 1,3,10
TWA 9A K7 3970 0.00 4.60 ± 0.27 −0.86 ± 0.14 −0.16 ± 0.03 7.38 ± 0.22 −0.15 ± 0.08 7.58 ± 0.21 1,2,3,10
TWA 9B M3.5 3255 0.00 5.83 ± 0.16 −1.44 ± 0.09 −0.74 ± 0.01 7.02 ± 0.09 −0.72 ± 0.03 6.97 ± 0.11 1,3,10
TWA 10 M2 3490 0.36 4.47 ± 0.14 −0.88 ± 0.07 −0.47 ± 0.01 6.66 ± 0.08 −0.39 ± 0.05 6.82 ± 0.11 1,3,4
TWA 11A A0 9700 0.00 1.48 ± 0.06 1.40 ± 0.03 +0.35 ± 0.01 6.80 ± 0.06 ................ ................ 2,4,5
TWA 11B M2 3490 0.00 4.30 ± 0.14 −0.81 ± 0.08 −0.46 ± 0.01 6.58 ± 0.09 −0.40 ± 0.05 6.73 ± 0.10 5,10
TWA 11C M4.5 3001 0.00 5.03 ± 0.08 −1.13 ± 0.04 −0.95 ± 0.01 6.60 ± 0.02 −1.00 ± 0.02 6.18 ± 0.08 1,4
TWA 12 M2 3490 0.27 4.23 ± 0.24 −0.78 ± 0.11 −0.46 ± 0.01 6.55 ± 0.12 −0.40 ± 0.06 6.69 ± 0.15 1,3,4
TWA 13A M1 3630 0.00 4.00 ± 0.11 −0.67 ± 0.06 −0.38 ± 0.01 6.54 ± 0.08 −0.27 ± 0.05 6.80 ± 0.08 1,3,4
TWA 13B M1 3630 0.31 3.76 ± 0.11 −0.57 ± 0.06 −0.38 ± 0.01 6.42 ± 0.07 −0.28 ± 0.05 6.67 ± 0.09 1,3,4
TWA 14 M0 3770 0.00 4.57 ± 0.26 −0.88 ± 0.12 −0.30 ± 0.01 7.02 ± 0.19 −0.21 ± 0.05 7.33 ± 0.19 4,5,11
TWA 15A M1.5 3562 0.00 4.73 ± 0.41 −0.97 ± 0.18 −0.44 ± 0.01 6.84 ± 0.22 −0.32 ± 0.06 7.10 ± 0.25 4,5,12
TWA 15B M2 3490 0.00 4.49 ± 0.41 −0.88 ± 0.18 −0.48 ± 0.02 6.73 ± 0.20 −0.39 ± 0.05 6.83 ± 0.26 4,5,12
TWA 16 M2 3490 0.00 4.56 ± 0.10 −0.91 ± 0.06 −0.47 ± 0.01 6.70 ± 0.06 −0.39 ± 0.05 6.88 ± 0.09 1,4,13
TWA 20 M3 3360 0.00 5.01 ± 0.13 −1.10 ± 0.07 −0.59 ± 0.01 6.81 ± 0.07 −0.56 ± 0.05 6.86 ± 0.10 1,4
TWA 21 K3 4550 0.00 3.84 ± 0.16 −0.43 ± 0.08 −0.04 ± 0.03 7.41 ± 0.10 −0.05 ± 0.05 7.40 ± 0.12 1,4
TWA 23 M1 3630 0.00 5.35 ± 0.19 −1.21 ± 0.09 −0.41 ± 0.01 7.25 ± 0.13 −0.28 ± 0.06 7.59 ± 0.14 1,4
TWA 25 K9 3880 0.33 3.79 ± 0.15 −0.55 ± 0.08 −0.21 ± 0.01 6.72 ± 0.11 −0.12 ± 0.03 6.98 ± 0.12 1,3,4
Notes. We provide for each star the spectral type, temperature, visual extinction, absolute magnitude from H flux, luminosity, mass and age derived
from Siess et al. (2000) and Baraffe et al. (1998) models, and the sources of photometric/spectroscopic information. Note that the photometry of
TWA 2, TWA 3, TWA 4, TWA 5, TWA 8, TWA 9, and TWA 16 are corrected for binarity with the information provided in the corresponding
references (last column). TWA 14, TWA 20, and TWA 23 are corrected for binarity assuming that the components are equal brightness (as done
by Weinberger et al. 2013). Note that our age and mass estimates for TWA 11C derived from the Baraffe et al. (1998) tracks and isochrones are
only indicative due to the grid limits of this model and the star position in the HR-diagram (see Fig. 6).
References. (1) Pecaut & Mamajek (2013); (2) Hipparcos (ESA 1997); (3) Torres et al. (2006); (4) 2MASS (Cutri et al. 2003); (5) Schneider
et al. (2012a); (6) Brandeker et al. (2003); (7) Fernández et al. (2008); (8) Prato et al. (2001); (9) Konopacky et al. (2007); (10) Webb et al. (1999);
(11) Messina et al. (2010); (12) Barrado Y Navascués (2006); (13) Zuckerman et al. (2001); (14) Teixeira et al. (2008); (15) Looper et al. (2010a).
Table 6: Comparison of age results inferred from the evolutionary models of Siess et al. (2000) and Baraffe et al. (1998).
All stars Traceback core stars
Nb Stars Mean age Median age Nb Stars Mean age Medianage
[Myr] [Myr]
Siess et al. (2000) 15 5.8 ± 0.3 5.4 11 5.9 ± 0.4 6.0
Baraffe et al. (1998) 17 8.2 ± 0.7 7.2 13 7.3 ± 1.0 6.3
Notes. We provide the number of stars, mean age and median age derived from the evolutionary models of Siess et al. (2000) and Baraffe et al.
(1998) after a 3 σ elimination for (i) all members of the association (marked with ‘Y’ and ‘Y?’ in Table 3), and (ii) the traceback-core stars listed
in Sect. 5.2.
used in this work, but it is in better agreement with the results
inferred from the Baraffe et al. (1998) isochrones.
7. Conclusions
Based on astrometric and photometric observations performed
with the ESO/NTT telescope we present trigonometric paral-
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Fig. 7: Age (in log t) and mass (in log M) distributions for the TWA stars listed in Table 5 obtained with the grid of evolutionary
models computed by Siess et al. 2000 (upper panels) and Baraffe et al. 1998 (lower panels). TWA 9A, TWA 21 and TWA 23 are
the stars plotted near log t = 7.5, and TWA 11A is the star plotted near log(M/M) = 0.5 in the upper panels. The Barrafe tracks do
not cover such large masses.
laxes, proper motions and photometry for 13 stars in the TW
Hydrae Association (TWA). This represents a gain of almost a
factor of 3 when compared to the situation in the Hipparcos era
(only five stars with trigonometric parallaxes). The average pre-
cision of the parallaxes derived in the present study is 2.2 mas.
Our proper motions are in good agreement with those given in
UCAC4 and SPM4.
Using information provided in current astrometric catalogs
and recent papers we set up an updated database for 34 previ-
ously proposed TWA members that allowed us to completely
revisit the kinematics of the association.
Based on a convergent point search method we identify a
moving group with 31 members and derive kinematic parallaxes
for 7 of these group members with unknown trigonometric par-
allaxes.
We derive the space motion for individual stars of the moving
group and for 16 members trace motions back in time to seek
the time these stars occupied a minimum volume. We derive a
dynamical age of 7.5 ± 0.7 Myr for the association.
Using the parallaxes derived in this paper and published data
we estimate mass and age for TWA moving group members from
pre-main sequence evolutionary models and find a mean age for
the members as defined in Sect. 4.4 of 5.8± 0.3 Myr (Siess et al.
(2000)) and of 8.2 ± 0.7 Myr (Baraffe et al. (1998)).
To conclude, we show that the dynamical age of the associ-
ation obtained via the traceback technique and the average ages
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derived from theoretical evolutionary models are compatible and
that the Baraffe et al. (1998) mean age is in excellent agreement
(within 1 σ). We observe that the theoretical ages derived are
dependent on multiple parameters and differ when applied to the
same observational data while the dynamical age relies only on
astrometric data and appears eventually more reliable.
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